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Based on the variational approach, the 
reversal of the swirling flow has been described 
by the equation 
(1) 
where n is the vorticity of the flow. An 
axisymmetric solution was obtained, and a 
reversal of axial flow was demonstrated. 
In order to relax the axisymmetric condition, we 
write 
U=( Ur(r,e), U8(r,e), Uz(r,e)) , (2) 
Dr=( nr( r,e ).~( r,e ).nz( r,e)) . (3) 
From the vorticity equation (I), we have a 
general solution as 
~=n: C) lo(A r)+! ( n~c)cos ne-t-~<,:)sin ne) In( A r) 
n=l 
(4) 
~=-O:C) 1 1(A r) 
+t! ( nz~c)cos ne-t-n~s)sin ne) 1,.1 n( A r) (5) 
n=l 
n =.l ~ (no( c)sin ne- nn(s)cos ne)1n(A r) 
r ALJ .. '"'zn zn r 
n=l 
(6) 
h n( c) d n( s) . 1 ffi . w ere ~~zn an uzn are numenca coe tctents. 
The flow velocity U may be expressed as 
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In order to simply see effects of 
nonaxisymmetric components, we retain the 
lowest-order component as 
g(c)=g(c)b g(s)=O 
zn zl nl ' z.n · (10) 
The present solution is not valid in the near-
wall region, as is noted in the main text. In the 
:I(~i~:"r:: i~i::::~~::: ~::e he;~:i::r;~ 
given as \f= fv U·D.dV . 
We limit the volume integral to the range 
r5:. rM per unit length of a cylinder. After a 
lengthy mathematical manipulation, we have 
<I>= 2nn;CJ 2r~ 10(A rM )2 
+ n0:f)2{r~fo("- rM)2 + n-2( J-fo(A rMr)} 
(11) 
(12) 
From Eqs.(ll) and (12), <I> is rewritten as 
From the eigenvalue condition 1 1(A rM)=O, we 
have 
(14) 
In Eq. (13), the second term is positive from Eq. 
(14). This fact indicates that the minimum-<1> 
state under the constraint of fixed \f is realized 
for 
(15) 
That is, the axisymmetric condition is given as 
the minimum state of c!J. 
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